The essential oil of the dried aerial parts of Thymus caramanicus at full flowering stage was prepared by hydrodistillation with a yield of 2.5% oil. The oil analysis by a combination of capillary GC and GC-MS revealed 26 components of which carvacrol (68.9%) was the main component, followed by p-cymene (6.0%), thymol (5.3%), γ-terpinene (4.6%) and borneol (4.0%) representing 98.9% of the total oil. The in vitro antibacterial activity of the essential oil was determined against ten clinical isolates of Helicobacter pylori using disc diffusion, as well as measurement of minimum inhibitory concentrations. The results showed high inhibitory activity against all test bacteria by the disc diffusion method (zones of inhibition of 50.0 -65.0 mm). Minimum inhibitory concentration values were within the range 14.5 -58.0 μg/mL for the clinical isolates.
Species belonging to the genus Thymus (Lamiaceae) are well-known as aromatic perennials of Mediterranean origin. Of the 215 species grown worldwide, 14 are distributed in the Iranian flora [1, 2] . Among these, T. caramanicus Jalas (Avishan) is an endemic species to Iran and the leaves are traditionally used for treatment of rheumatism, skin disorders and as an antibacterial agent [3] . Species of Thymus are consumed as culinary herbs and as teas in many parts of Iran.
The composition and antioxidant activities of the oils of T. caespititius, T. camphoratus and T. mastichina from Portugal and also the antioxidant activity of T. albicans, T. mastichina, T. camphorates, T. carnosus and T. vulgaris have been reported [4] [5] [6] . There are also reports on the antimicrobial activity of the essential oils from a number of Thymus species including T. revolutus, T. pubescens, T. serpyllum, T. kotschyanus and T. persicus [7] [8] [9] . The composition of the essential oils from T. caramanicus at different developmental stages has shown them to be rich in carvacrol; the oils also displayed antibacterial activity against some Gram-positive and negative ATCC bacterial standards [10] . In another study, the essential oil of T. caramanicus Jalas was also shown to be rich in carvacrol (85.9%) and the oil, as well as the plant methanolic extract, contained antioxidant activity [11] . Carvacrol-rich essential oils have recently gained increasing importance for their considerable antimicrobial and antioxidant activity [12] . In addition, thymol is also known to have antibacterial activity [13] . In fact, thymol has been suggested to be the biologically active component of thyme against Helicobacter pylori [14, 15] . Compounds listed in the order of their elution from a DB-1 column. RI, retention index relative to n-alkanes (C 6 -C 24 ). t, trace
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Helicobacter pylori is well recognized as a major etiological factor in gastrodudenal diseases such as chronic gastritis, peptic ulcers, gastric adenocarcinoma and mucosa-associated lymphoid tissue lymphoma (MALToma). The current treatment regimes for H. pylori infections are based on the use of three drugs (triple therapy), but eradication of infections is not always successful and occasionally causes emergence of antibiotic resistant strains. Therefore, traditional plants could be valuable sources of novel anti-H. pylori agents.
T. caramanicus essential oil was prepared at full flowering stage by hydrodistillation and the major oil components, analyzed by a combination of capillary GC and GC-MS (Table 1) , were shown to be carvacrol (68.9%), p-cymene (6.0%), thymol (5.3%), γ-terpinene (4.6%) and borneol (4.0%) [10] .
The anti-H pylori activity of the essential oil was determined against ten clinical isolates, as well as the standard strain of H. pylori (ATCC # 43504) by disc diffusion, and its biological activity was compared with 8 antibiotics. Minimum inhibitory concentrations (MIC) were also measured for the essential oil and two of its major components against all test bacteria.
The results for the disc diffusion assay ( Table 2) showed remarkable susceptibility of all the clinical test isolates, as well as the ATCC standard strain compared with the antibiotic discs. The inhibition zones were within the range 50.0 -65.0 mm for the oil, whereas for the test antibiotics, resistance was observed to metronidazole in 9 isolates, followed by amoxicillin, tetracycline and erythromycin (4/10 isolates), ampicillin, furazolidone, azithromycin and clarithromycin (3/10 isolates). Considering the increasing emergence of drug-resistance in clinical isolates of H. pylori, the use of traditional plants and edible herbs such as T. caramanicus could provide a valuable source of anti-H. pylori agents. anti-Helicobacter pylori activity of the essential oil of Thymus Natural Product Communications Vol. 4 (8) 2009 1141 Minimum inhibitory concentrations (MIC) measured for the essential oil, as well as for carvacrol and thymol, against H. pylori clinical isolates are also shown in Table 2 . As observed, the MIC ranged between 14.5-58.0 μg/mL for the essential oil. Carvacrol was active at 20.0-80.0 μg/mL and thymol showed anti-H. pylori activity around 100.0-200.0 μg/mL. These results suggest that the anti-H. pylori activity of the essential oil was higher than each of the purified agents (carvacrol and thymol), of which, judging by the MIC values, carvacrol was the more active component. Hence, the MIC values obtained for the essential oil would result from the presence of both components. We believe that the anti-H. pylori activity of carvacrol and thymol, along with the reported anti-flatulent and anti-inflammatory effects would make T. caramanicus useful as an effective alternative therapy in treatment of H. pylori infections.
